Abstract. Lycopodiella inundata is an endangered, wetland species, able to occur in secondary, anthropogenic habitats. The article presents five-year changes in the occurrence of Lycopodiella inundata on the one of the largest stands in Central Poland. Chosen parameters of population were examined in different stages of vegetation succession. In open thickets the number of fertile stems was near three times higher and amounted above eight hundred fertile stems per square meter. In contrast, in patches with dense herb-and shrub-layer, the low number of fertile stems of L. inundata, have been observed. At anthropogenic sites, where L. inundata occurs, active protection should be made for the inhibition of succession and for the rejuvenation of habitat.
Introduction
The constant development of civilization involves both intentional and incidental changes in the natural environment (Crutzen & Steffen 2003) . In the case of wetlands, amelioration measures involved drainage and lead to the reduction of natural habitats (Amezaga et al. 2002; Haslam 2003; Kopeć & Michalska-Hejduk 2012) . At the same time human activities can contribute to the creation of surrogate, wetland habitats suitable for the occurrence of some endangered plants (Kołodziejek 1999 ). Apophytisation of rare species is observed especially in the case of plants with a good opportunities for effective, long-distance dispersion, e.g. orchids (Rewicz et al. 2015) . Other examples can be found within the spore-bearing plants, including clubmosses and among them marsh clubmoss Lycopodiella inundata (L.) Holub.
The natural habitats for Lycopodiella inundata are raised and transitional peat bogs as well as wet heaths (Matuszkiewicz 2001; Wójciak 2003) . However, it can be rarely met even there (Spałek 2004) . Lycopodiella inundata is recognized as a diagnostic species for pioneer plant communities on humid exposed peat or sometimes on wet sand (Matuszkiewicz 2001) . Such communities, belonging to the Rhynchosporion alliance are in the European Union protected as Natura 2000 habitat (code: 7150) (Interpretation Manual 2013). Lycopodiella inundata is also an important species in terms of the European biodiversity and listed in Annex V of the Habitat Directive (Council Directive 1992). In Poland L. inundata, as well as other clubmosses, is a law protected species (Rozporządzenie 2014). In the Red List of vascular plants of Poland it was declared as an endangered species -category V (Zarzycki & Szeląg 2006) . The species was also included in the New Red list of Polish wetland flora and listed as vulnerable -VU category (Kopeć & Michalska-Hejduk 2012) .
Recently in Poland, new localities of L. inundata are often discovered in the anthropogenic habitats (Spałek 2003; Urbisz & Urbisz 1998) . They include wet sites formed in the immediate vicinity of the dam reservoirs (Hereźniak & Samosiej 1990) or the edges of ponds and surrounding wetlands, on which patches of peat bogs could be formed (Spałek 2003) . The second group of anthropogenic habitats suitable for marsh clubmoss are excavations of sand or clay (Cieszko & Kucharczyk 1997 , 1999 Czarnecka 2000) . All of these sites include early stages of succession, where the ecological competition is relatively low. In such places, optimal conditions for the development of L. inundata occur: strong sunlight, humidity of substrate (wet habitat) and low fertility, acidic soil (oligo-or mesotrophic) (Zarzycki et al. 2002) .
Lycopodiella inundata may therefore be an example of an endangered species in Central Europe able to occur in an anthropogenic landscape in secondary habitats. The question is: how long populations of L. inundata live in the secondary habitats and what factors could cause its disappearance?
The aim of the paper is to present the five-year changes of L. inundata occurrence on the anthropogenic habitat in Central Poland. Moreover, the impact of vegetation structure, in different stages of succession, on the density of L. inundata, have been studied.
Materials and methods

Study site
In the 2008, during the botanical investigation in the Natura 2000 site: "Valley of the Czarna River", new locality of Lycopodiella inundata have been discovered near the Siedlów village. The locality is situated in the Opoczno Hills within the Polish Uplands. Two subpopulations of L. inundata (georeferences: 51.19217, 20.12577 and 51.19392, 20.10304) , 1,600 m away from each other, have been found (Kiedrzyński & Łuczak 2008, unpublished data) . The first subpopulation, which occupies the area 25 m 2 , grows in wet grassland with Nardus stricta and Hydrocotyle vulgaris. The second subpopulation -object of presented study -is larger (1,400 m 2 ) and grows in the anthropogenic habitat, which was created during the construction of fish ponds (Fig. 1A, B) .
Stages of succession in the study site
The barren surface is going to fast overgrown by vegetation ( Fig. 1 A, B) . In 2008, Lycopodiella inundata grew here on wet, sandy ground, with occurrence of juvenile individuals 
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Lythrum salicaria r . Table 1 ). Floristic composition typical for each stage were described by using the phytosociological method (Braun-Blanquet 1964) ( Table 1) . The stage A is characterized by very low (15%) density of trees and its maximal height 2.7 m, 30% cover of herb-layer and 80% cover of moss-layer. The stage B is characterized by higher density of trees (40%) and its height up to 4.0 m, 60% cover of herb-layer and low (10%) cover of moss-layer.
Agrostis tennuis
In the paper, nomenclature of vascular plants was used according to Mirek et al. (2002) , moss nomenclature according to Ochyra et al. (2003) and lichens nomenclature according to Fałtynowicz (2003) .
Investigation of Lycopodiella inundata
The area of occurrence of L. inundata in 2008 and 2013 was measured by using the polygon method with GPS receiver (Garmin CSX60). Visualizations of the results and measuring of the area occupied by L. innundata were performed in ArcMap 9.2 software (ESRI Inc. 1999 -2008 , Redlands, CA, USA).
The density of fertile, cone-bearing stems (stems with strobili) of L. inundata was investigated in 2013 in two succession stages (A and B) in plots of area 0.25 m 2 . At any succession stage 12 plots were performed.
In order to perform statistical analyzes the density of fertile stems per 1 m 2 was calculated. Conservative Shapiro-Wilk test assessing the compliance the data distribution with normal distribution was used. Nonparametric Wald-Wolfowitz test for the assessment of differences in the density of L. inundata fertile stems in stages A and B was used (Stanisz 2006) . Statistical analyses were performed using the Statistica 10 package (StatSoft 2011).
Results
Changes in Lycopodiella inundata occurrence between 2008 and 2013
In 2008 L. inundata occurred in the south part of the study site, in one, large patch (Fig. 1B) . In that time, L. innundata occupied area of 1,417 m 2 . After five years, the range of L. inundata moved north and the area of the main patch decreased to 1,071 m 2 (Fig. 1B) . Moreover, in 2013 L. inundata was found in the second, isolated patch (Fig. 1B) .
Its area was 306 m
2 and the total area of L. inundata in 2013 stated 1,377 m 2 .
Density of Lycopodiella inundata fertile stems in different stages of succession
In open thickets (stage A) the average number of fertile stems per 1 m 2 exceeded 880. In dense shrubs (stage B) the average number of fertile stems (275) was three times lower (Table 2, Figs. 2, 3) . Shapiro-Wilk test showed that the data distributions in the both cases were significantly different from the normal distribution (p = 0.00657). The average density of L. inundata fertile stems in both stages were different significantly from each other (p = 0.00039). Both sets of data are different in terms of the overall shape of the distribution. In stage A, kurtosis was -0.66 -the distribution is flatter than the normal distribution (Fig. 2) . The data from stage B were much more concentrated around the mean value (kurtosis = 0.24) (Fig. 2) . In the stage A the number of L. inundata per 1 m 2 was much more variable than in the stage B, where the standard deviation was almost four times lower (Table 2) .
Discussion
In many regions in Poland the disappearance of Lycopodiella inundata in natural habitats has been described. However, the recent occurrence of species in anthropogenic habitats is also well documented. For example, in the Silesian Upland (Southern Poland) in the mid 19 th and early 20 th centuries, L. inundata was recorded on 10 stands (Urbisz & Urbisz 1998 and cited literature) . At the end of the 20 th century its presence on these localities was not confirmed, but six new localities were found (Urbisz & Urbisz 1998 confirmed (Urbisz 1996) . However, currently new ones localized in anthropogenic habitats have been found. The size of marsh clubmoss populations in secondary habitats is very diverse: from the tens, by hundreds up to several thousand specimens. Most of the literature from Central Poland alludes to small populations, consisting of several or over a dozen of specimens (Kucharski & Kurzac 1996; Jakubowska-Gabara et al. 2011) . Taking into consideration the area occupied by L. inundata and density of fertile stems on the studied stand, we conclude, that the population in Siedlów is one of the largest currently known in Central Poland.
Anthropogenic habitats are characterized by an occurrence of initial stages of succession, with poorly developed herb-and shrub-layers. Our results showed that the distribution of L. inundata inside the anthropogenic habitats could change dynamically as a result of the formation of new patches or -as a result of disappearance of species during the progressive vegetation succession. In contrast to Lycopodium and Diphasiastrum species, development cycle of Lycopodiella inundata is quite short and does not take several or dozen years. Prothallium L. inundata can proceed to sexual reproduction after a year from sporulation (Artensteckbrief ..., 2009). Hence, the new available habitat can be quickly occupied by L. inundata stolons, especially in barren areas. Our results confirmed these statements. In the studied site a new patch (300 m 2 ) of L. inundata has developed during 5 years.
The density of fertile stems depends also on the stage of succession and on the occurrence of competing species. The density of L. inundata fertile stems was significantly lower in patches with high density of Calluna vulgaris. The disappearance of L. inundata is connected also with the restriction of light availability, caused by development of pine-trees and heather.
Moreover, not only development of trees and herbs intensively occupying the space, could cause the disappearing of Lycopodiella inundata stems (or in general -sporophytes). Cieszko & Kucharczyk (1997) found a negative relationship between occurrence of moss Polytrychum commune and L. inundata. The competition of these two species was important in the pioneer stage of succession. In our case, the development of herb-and shrub-layers has reduced the cover of both: bryophytes and L. inundata. Marsh clubmoss developed very well in stage A, where bryophytes also covered a large area (80% of the surface). However moss-layer was there dominated not by Polytrichum commune but by Aulaucomium palustre. In stage B, with dense heather and pine-trees, much smaller share of moss-layer (10%) and lower density of L. inundata, have been noted.
Other authors suggest that changes in the number of L. inundata fertile stems, in anthropogenic habitats, may also depend on a groundwater level. For example, in a population growing at the bottom of the sand pit in the Middle Vistula Valley within one year the number of cone-bearing (Czarnecka 2000) . However, in 1997 there was observed a slight decrease in their number (314), as a result of prolonged flooding. Two years later, in the same population, the number of cone-bearing stems exceeded the number of 2,500 (Czarnecka 2000) . Changes in population size may be caused also by too low groundwater level. Drainage occurs often as a result of the exploitation of deposits and increasing general industrialization and leads to the transformation of open, bog communities to scrub (Błońska 2010) .
In anthropogenic sites, active protection of L. inundata -heliophilous species, should be made by cuttings of shrubs and trees (Czylok & Rahmonow 1996) . In the study site removing of pine Pinus sylvestris from the shrub-layer and reducing of heather Calluna vulgaris in the undergrowth, should be made. Mentioned treatments should be made during the winter, what could minimize the risk of damage to L. inundata stems. Moreover, it is also advisable to create new barren areas, which could be occupied by L. inundata in the future. The "rejuvenation of habitat" should be made outside the actual range of L. inundata, by taking off the top layer of the substrate. Rejuvenation of habitat by artificial exposing of peat surface (or mineral-organic substrate) as a result of the removal of a layer of peat, herbs and shrubs, is also recommended for conservation of Natura 2000 habitat (7150) in the official conservation guide (Koczur 2012) .
In the study site, the low number of fertile stems of L. inundata which occurs in advanced stage of succession, is a clear signal that in the near future the population could completely disappear. Described activities seem to be necessary to maintain the stand in Siedlów -one of the largest in Central Poland.
